Supporting information figures Fig S1. Optical resolution inside living cells
The lateral optical resolution inside living cells is estimated from the width of single MreB filaments which are assumed to be much smaller than the lateral resolution. Figure S1A shows a TIRF-SIM image of GFP-MreB. Subfigure B shows the line profile of two filaments along the dashed line shown in subfigure A. The peaks resulting from the filaments were fitted with a Gaussian to determine the FWHM as a measure for the optical resolution which is about 120 nm in our case. 
Fig S2. Expression levels of GFP-MreB
A Western blot analysis confirmed the appropriate expression level of GFP-MreB under control of the xylose promoter (P xyl ). As the bands in Figure S2 are of similar thickness the expression levels of the proteins (wild type MreB, MreB under P xyl and GFP-MreB under P xyl ) are likely to be similar, too. The resuspensions were then incubated at 37°C until lysis occurred. SDS loading buffer was added to the cell lysates and equal volume of boiled samples from different strains were resolved on 12% SDS polyacrylamide gel. Proteins bands were transferred on PVDF membrane and were revealed by chemiluminescence-detection after treatment with primary Rabbit anti-MreB (1:500) antibodies and secondary Goat anti-Rabbit IgG, peroxidaseconkugated (1:10000) antibodies.
Fig S3. Filament length
Filament lengths were determined as the full width at half maximum (FHWM) of a line profile along their long axis. The filament lengths as shown here were extracted from 3D epifluorescence data. A stack of 2D epi-fluorescence images was acquired at an axial (z) spacing of 150 nm, combined to a 3D image, and then deconvolved using the commercial software Autodeblur (Media Cybernetics Inc.). From this 3D image the filament lengths were determined as follows: At each filament position a 2D-cross-section parallel to the z-axis was sliced out (along the filament) so that this cross-section contained the full filament length (which then appeared as a ring segment). This slice was thresholded at half the maximum intensity value present. It was then multiplied with a ring representing an idealized full-turn filament to yield a binary ring segment which defined the length of the filament. 
Fig S4. Filament orientation
The orientations of MreB filaments were determined as they might mirror the orientation of the peptidoglycan strands in the cell wall. Filament orientations were measured relative to the bacterias long axis, with 90° referring to a perpendicular orientation. For short filaments their tracks resulting from the time projection were used to determine the orientation. The orientation of long filaments could be measured directly. The orientations of MreB filaments were measured from TIRF-SIM data. The orientations of Mbl filaments were measured from TIRF data because they were weaker in signal so that not enough TIRF-SIM time points could be acquired to reliably determine the orientation of short filaments. 
Fig S5. MreB filaments and MreB traces do not cross
Neither a crossing of MreB filaments nor of their traces could be observed in our data. Figure  S5 shows maximum time projections of three time-lapses. The yellow circles indicate exemplarily where one trace is constrained by another. 
Fig S6. Filament velocities
Filament velocities were measured in order to quantify the dynamics of MreB (and Mbl) in live B. subtilis as described in the methods section. Whereas the velocities of MreB filaments were measured from TIRF-SIM data, the velocities of Mbl filaments were measured from conventional TIRF data because of weaker fluorescence so that not enough TIRF-SIM time points could be acquired to reliably determine the velocity. 
Fig S7. Velocity-length-dependence of MreB filaments
The dependency of the transport velocity of MreB filaments on their length was determined. Velocities and lengths were measured from the TIRF-SIM data as described in the methods section. In Figure S7A all measured data points are shown. For the data plotted in red the full length of the filaments could be determined, whereas for the points plotted in dark blue only a minimal length could be measured because at least one end was out of the TIRF region and thus not observable. An estimated length correction for the latter data points based on the length distribution we got from the 3D data ( Figure S3A ) is shown in purple. The correction was done as follows: Filament lengths were measured with pixel accuracy which equals an effective binning of 32 nm. All data points from one bin of minimal length are homogeneously distributed to values bigger than according to the length distribution obtained from the 3D data. More precisely, the 3D length distribution from Figure S3A is expressed as a number density function ( ) by using a kernel density estimation with a Gaussian kernel of width = 125 . Instead of binning the data every data point is multiplied with a Gaussian function. These functions are then summed and this sum is normalized to one, yielding the final ( ). Contrary to a binned histogram, ( ) is a continuous function representing the filament length distribution and it is shown in orange in Figure S7B . Based on ( ) the estimation of the true length ′ of the data points whose length could not be completely measured is done as follows: Assuming Z data points with = 1, … , in the bin corresponding to the length 0 , the curve ( ) was devided into Z sections from 0 to ∞, each section area representing the same probability. In mathematical terms the borders of the N sections, and Then each data point is shifted to the expectation of one of the Z sections, which is defined
This procedure is repeated for all 32nm-bins containing a minimal length l. The whole procedure is graphically illustrated for 3 data points at 0 = 400 in Figure S7C . The decline of the velocity for greater lengths was considered in such a way that larger shifts are applied to data points with decreasingly lower velocity. In the mathematical formulation given above this means that ( ′ 1 ) > ( ′ 2 ) > ⋯ . The result of the shifting process is shown in Figure S7B , where all length distributions are shown as number density functions as explained above. Here, red represents the distribution of filament lengths that could be completely measured, whereas dark blue shows the distribution of minimal filament lengths. In light blue the distribution of all filament lengths after the length correction process is shown, which includes the data points from the red curve. It approaches the true filament length distribution (orange). Remark on the 4 th order polynomial fit:
As explained in the manuscript, the 4 th order polynomial fit serves as a guide to the eye. A polynomial is the most general fit-function without using any pre-knowledge. The best-fit can be obtained by a minimized Chi-squared value χ², which usually decreases with higher provide a strong decrease in χ². Although higher-order fits resulted in further improvements in χ², the wavy fit-curves start to generate several velocity maxima due to statistical fluctuations in our measurements. However, the local velocity maximum around L = 400 nm was always visible.
The n-th order polynomial fits were applied to the raw data as shown in Figure S7 as well as to the mean values plotted in Fig. 4 . In the latter case all mean velocities were weighted with the number of velocities measured in each bin of 80 nm width. Both fit-methods result in nearly identical fit-curves.
Fig S8. Super-resolution images of MreB/Mbl in Bacillus subtilis
Comparison of the image quality of two different super-resolution techniques, TIRF-SIM and stimulated emission depletion (STED) microscopy. In Figure S8A a TIRF-SIM image of GFPMreB in B. subtilis is shown. Filaments in the bottom area of the cells are revealed with high contrast and resolution. For comparison, Figure S8B shows a STED image of GFP-Mbl acquired at Leica Microsystems, Mannheim, Germany. It also reveals filaments with high resolution. However, unlike in TIRF-SIM filaments appear brightest at the border of the cells with a connection in between that is sometimes vague and at bad signal-to-noise ratio. This is likely due to the long axial extension of the STED point spread function. Consequently, the overall contrast is worse than in TIRF-SIM, where only a thin layer is illuminated and imaged. 
Fig S11. Mean number of motors in mathematical model
The mean number Nmean of motors bound to the MreB filament of length L ~ N for a given duty ratio R is: TIRF-SIM, TIRF and 3D-Epi Total internal reflection fluorescence structured illumination microscopy (TIRF-SIM) images were acquired on a custom made set-up based on an inverted microscope (DM-IRBE, Leica, Wetzlar, Germany), implemented in a way similar to the one described in (3) . A 488 nm Argon-Ion Laser (2214-20SL, JDSU, Milpitas, California) is guided through an acousto-optical tunable filter (AA Opto-Electronic, Orsay, France) used as a fast shutter, expanded by a 20 x beam expander (SILL Optics, Wendelstein, Germany) and then reflected by a spatial light modulator (SLM; LCR-2500, Holoeye Photonics, Berlin, Germany). The computer-generated phase gratings diffract the beam mainly into the ±1 st diffraction orders. A polarization filter and a motorized half-wave plate are used to assure a high degree of linear s-polarization. A lens doublet focuses the beams and an aperture mask blocks all unwanted diffraction orders. The remaining first diffraction orders are guided by a further 4f lens system to opposite positions in the total internal reflection (TIR) region of the back focal plane (BFP) of the illumination objective (HCX PL APO, 1.46 NA x 100, oil immersion, Leica, Wetzlar, Germany). Consequently, the two emanating beams create an evanescent standing wave which constitutes the sinusoidal excitation pattern. The same objective also serves as the detection objective. Detection is performed as in a conventional fluorescence microscope. Fluorescence light is separated from excitation light by a dichromatic beam splitter (Chroma, Bellows Falls, Vermont) and then cleaned up by an emission filter (550/88, Semrock, Rochester, New York) to suppress any remaining excitation light. The modulated fluorescence images are recorded by a CCD camera (Hamamatsu C8484-05G, Hamamatsu, Japan).
To obtain one super-resolved image nine raw images were acquired, which corresponded to three grating orientations (0°, 60°, 120°) with three phases (0°, 120°, 240°) each. The modification of the illumination pattern was accomplished by changing the phase and orientation of the phase hologram displayed on the SLM.
For the reconstruction of the final images from the raw data a MATLAB based algorithm was used. It is described in detail in (4, 5) .
For normal TIRF imaging only one excitation beam is focused into the TIR region of the BFP by displaying a blazed phase grating on the SLM. This leads to a single evanescent wave and thus normal TIRF conditions. For the acquisition of 3D epi-stacks, normal epi-illumination is applied and the objective, mounted on a z-piezo, is moved in 150 nm steps for the individual images.
b)
Data analysis Prior to analysis all reconstructed time-lapse data was corrected for lateral drift using the ImageJ plug-in StackReg (6). Filament lengths and velocities for the graph shown in Fig. 4B were determined from TIRF-SIM time-lapse movies. Kymographs along the track of single filaments were created. The filament length was determined as the FWHM of a line profile along the long axis of each filament with pixel accuracy (32 nm). The length of shorter filaments that were completely visible in at least one frame could be well measured. For longer filaments only a minimum length could be determined. Based on the length distribution obtained from the 3D data a correction was applied (Fig. S7) . The velocity was measured from the angle of a straight line fitted to the edge of the filament in the kymograph, as shown in Fig. 4A. 
d)
Bacterial strains and growth condition B. subtilis strain expressing GFP-MreB fusion as the sole source of protein under the control of xylose promoter [JS12 (Pxyl-gfp-mreB)] (1) was the main strain used for the microscopy experiments. We constructed another JS 12 strain bearing gfp-mbl that could be controlled by the endogenous mbl promoter. To this end, the promoter region of mbl (250 bps upstream mbl) was amplified from B. subtilis chromosomal DNA and inserted between BglII and KpnI in pJS13 (bla Pxyl-gfp-mbl) resulting in pJS152 (bla Pmbl-gfp-mbl), in which the xylose promoter was exchanged with mbl promoter. The obtained plasmid was transformed in B. subtilis PY79 competent cells selecting for chloramphenicol to generate JS158 (Pmbl-gfp-mbl) strain.
For microcopy, cells were grown at room temperature in minimal media (S7 50 ) supplemented with antibiotic (Chloramphenicol 5 µg/ml) and/or inducer (xylose 0.5%) when required.
e)
Preparation of protoplasts B. subtilis protoplasts were prepared after a slightly modified protocol from Chand and Cohen (7) . Briefly, exponentially growing B. subtilis cells expressing GFP-MreB (Pxyl-gfp-mreB) were pelleted and resuspended in 1/4 volume of S7 50 /SMM (2x S7 50 diluted 1:1 ratio with 2xSMM). A final concentration of 2 mg/ml lysozyme was added and the cell suspension was incubated at 37°C with gentle shaking for 2 to 3 hours. Cells were washed twice (2000 rpm for 15 min) with S7 50 /SMM and the final suspension was incubated at room temperature for growth. Protoplasts were taken from overnight grown culture for microscopy.
SI text 2 -Angle between filament orientation and transport direction
The angle between a MreB filament and its direction of transport, introduced as in the main text and illustrated in Fig. 6C , can be estimated to be negligibly small and thus difficult to observe.
When several motors attach to and transport one MreB filament, several PG strands are synthesized in parallel. For simple geometrical reasons this should lead to an angle between the MreB filament and its direction of transport. This angle, introduced as in the main text and illustrated in Fig. 6C , can be estimated to be negligibly small and thus difficult to observe. 
SI text 3 -Amount of cell wall material necessary to proliferate
Considering the amount of cell wall material that is necessary for the cells to proliferate allows an approximation of the motor density ρM. The following calculation of ρM supports the idea that most MreB filaments, especially longer ones, are likely connected to several peptidoglycan synthesizing enzyme complexes:
We assume an average rod-shaped B. subtilis cell of length 5 µm and radius 0.5 µm to be cylindrical, so that its surface can be calculated to be Abac ≈ 17 µm². The surface covered by cell wall material that is newly synthesized during one cleavage time is NPG⋅dPG⋅〈|vF|〉⋅ , where NPG is the number of PG strands, dPG their lateral distance and 〈|vF|〉 the mean synthesis velocity. NPG can be expressed by the motor density, NPG = NF⋅〈Lbac〉⋅ρM, where NF is the number of filaments per cell and 〈Lbac〉 the mean filament length of MreB.
Consequently, we can identify the area of n layers of the cylindrical surface of B. subtilis with the area covered by new cell wall material, n⋅Abac = NF⋅〈Lbac〉⋅ρM ⋅dPG⋅〈|vF|〉⋅ . Using NF = 10, 〈Lbac〉 = 0.6 µm, dPG = 4 nm, 〈|vF|〉 = 23 nm/s and = 90 min, the motor density is then given by
Estimating that at least 2 -4 layers of PG have to be synthesized for division results in a motor density of about =10 µm -1 -20 µm -1 as assumed in the calculation in the main text.
SI text 4 -Amount of MreB in bacillus and protoplasts
We found that on average the volume of a protoplast with D prot = 5 µm is 20 times larger and the surface area 5 times larger than that of a 5 µm long rod-shaped bacterium with D bac = 1 µm. For the bacillus type we have measured a mean filament surface density 〈ρ bac 〉 = 〈N F,bac 〉⋅〈L bac 〉/A bac ≈ 10⋅0.6 µm/17 µm² ≈ 0.35 µm/µm², where 〈N F,bac 〉 = 10 is the mean number of filaments per cell, 〈L bac 〉 ≈ 0.6 µm the mean filament length and A bac ≈ 17 µm² the surface of a cylindrically shaped cell. If the number of MreB proteins in protoplasts scaled with the surface or the volume of the cell, this should result in a filament surface density of 〈ρ prot 〉 = 〈ρ bac 〉 or 〈ρ prot 〉 = 4⋅〈ρ bac 〉, respectively. Inspecting the total filament length per µm² of a protoplast as indicated by the yellow boxes in Figure S9C ,D, we find roughly 〈ρ prot 〉 ≈ 4.5 µm/µm², so that 〈ρ prot 〉 ≈ 13⋅〈ρ bac 〉. The reasons for this high scaling factor remain unclear.
SI text 5 -Filament length and stiffness in protoplasts
We have observed that long stationary MreB filaments are formed in wall-less protoplasts. These filaments do not cross each other and are often in parallel arrangement, which is the most likely arrangement. These observations reveal that an ordered arrangement of MreB filaments does not require the presence of an intact cell wall. 
Supporting information movies
Movies S1 -Dynamics of MreB 
Movies S2 -Constrained movement of MreB filaments
Movies S2: (A+B) Excerpts of TIRF-SIM time lapses of GFP-MreB showing filaments whose movement is constrained by other filaments. Green arrows in the movies highlight the locations where filaments will appear which are going to "collide" with opposing filaments. 
